Background and Purpose-We used Riks-Stroke, the Swedish Stroke Register, to explore how thrombolysis has been disseminated in Swedish hospitals since it was approved in 2003. Methods-All 78 hospitals in Sweden admitting patients with acute stroke participate in Riks-Stroke. Between 2003 and 2008, 72 033 adult patients were hospitalized for acute ischemic stroke. We analyzed thrombolysis use by region, patient characteristics, and stroke service settings. Results-Nationwide, the use of thrombolysis increased from 0.9% in 2003 to 6.6% in 2008. There were marked regional differences in the dissemination of thrombolysis, but these gaps narrowed over time. Nonuniversity hospitals reached treatment levels similar to university settings, although with a 2-to 3-year delay. Symptomatic intracranial hemorrhage remained at the 3% to 9% level without an apparent time trend during dissemination. Independent predictors of higher thrombolysis use included younger age, male sex, not living alone, and no history of stroke or diabetes. In 2008, patients admitted to a stroke unit were 5 times more likely to receive thrombolysis than those admitted to general wards. Conclusions-Nationwide implementation of thrombolysis has been slow but has accelerated mainly due to increased access outside university hospitals. The increased use has been achieved safely, but access has been unequal. (Stroke.
A lthough thrombolysis has been amply shown to have a beneficial benefit-to-risk ratio as treatment for acute ischemic stroke, 1 its dissemination in routine clinical practice has been slow. Although there are examples of local successes in the promotion of thrombolysis, 2-4 the large-scale implementation at the population level mostly has been disappointing. It has been estimated that the proportion of patients with ischemic stroke treated with recombinant tissue plasminogen activator (rtPA) remains Ͻ2% in most countries. 5 In the United States, where rtPA was approved for this indication in 1996, the proportion treated with rtPA was estimated to be approximately 2% in 2004 with an increase of Ͻ0.1% per year during the early 2000s. 6 The implementation of thrombolysis for acute ischemic stroke mostly has been studied at the local level or in selected patient populations, and there is limited information at the national level on how thrombolysis for acute ischemic stroke is disseminated. 7 In 2003, rtPA was conditionally approved for treatment of acute ischemic stroke within 3 hours of onset by the regulatory authorities in the European Union countries, including Sweden. In this article, we have applied a national perspective on the dissemination of thrombolysis for acute ischemic stroke over the years 2003 to 2008 . We describe and analyze how the treatment has been applied in different patient groups and in various regional and hospital settings.
Patients and Methods

Riks-Stroke, the Swedish Stroke Register
Patients included in this article were recorded in Riks-Stroke, the Swedish Stroke Register, during the years 2003 to 2008. The primary aim of this national register is to monitor and support improvement of quality of stroke care in Sweden. Riks-Stroke, established in 1994, covers all hospitals in the country admitting acute stroke patients (78 hospitals in 2008). Riks-Stroke has been approved by the Regional Ethical Review Board at Umeå University and the data-handling procedures by the National Computer Data Inspection Board.
Information is collected during the acute phase and at follow-ups 3 and 12 months after stroke. In the present study, only acute-phase information was included. Details on what information is collected are available at the Riks-Stroke web site (www.riks-stroke.org).
Definitions
Riks-Stroke has developed several simple instruments to be used for large-scale data collection. Level of consciousness is used as a proxy for stroke severity on admission to the hospital. It is recorded using 3 levels based on the Reaction Level Scale. 8 Patients with Reaction Level Scale 1 are defined as alert, Reaction Level Scale 2 to 3 as drowsy, and Reaction Level Scale 4 to 8 as unconscious. The level of consciousness recorded in Riks-Stroke is a very strong predictor of short-and long-term survival and functional outcome (documentation available at the Riks-Stroke web site, www.riks-stroke.org).
Whether a patient is dependent in activities of daily living (ADL) or not is based on the responses to 3 questions: does the patient need assistance with toileting, clothing, and walking? This simplified measurement of ADL dependency has a 92% sensitivity and a 91% specificity when compared with the Barthel Index Ͻ90 and correlates well with the modified Rankin score. 9 rtPA-related symptomatic intracranial hemorrhage is defined as deterioration of neurological symptoms within 36 hours after thrombolysis treatment when brain imaging shows intracranial bleeding. The time limit is in accordance with that used by the Safe Implementation of Thrombolysis in Stroke Monitoring Study (SITS-MOST). 10 Hospitals admitting patients with acute stroke are categorized as university hospitals (nϭ9; mean number of patients reported to Riks-Stroke in 2008 was 553; range, 326 to 839), large nonuniversity hospitals (nϭ22; mean 483 patients; range, 236 to 1210), and community hospitals (nϭ47; mean 188 patients; range, 26 to 420). The delineation between large nonuniversity and community hospitals is by their degree of specialization; community hospitals have only basic inpatient specialties and they lack advanced diagnostic and interventional technology.
The definition of a stroke unit used in Riks-Stroke aligns with the definitions used by the Stroke Unit Trialists' Collaboration 11 : a dedicated inpatient facility that exclusively (or nearly exclusively) cares for patients with stroke and includes a multidisciplinary team of professionals with special skills in stroke management.
Statistical Analyses
The associations between different types of stroke care organizations, patient characteristics, and thrombolysis were described by proportions with corresponding 95% CIs and univariately tested using the Pearson 2 test. Multiple logistic regression was used to simultaneously test the effect of several predictors on the chance to receive thrombolytic therapy. A multilevel approach was used in which patients were considered repeated observations within counties. An exchangeable correlation structure was assumed, and the logistic regression parameters were estimated by generalized estimation equations using SAS procedure GENMOD. Two-way interaction terms (year*age group and year*sex) were included to test if the rate of dissemination differed between groups of patients defined by sex and age. Statistical analyses were performed using SAS 9.1.
Results
During the years 2003 to 2008, a total of 146 374 patients were recorded in Riks-Stroke. Of those, 72 033 were in the possible target group for thrombolysis, that is, they had a diagnosis of ischemic stroke and were 18 to 80 years old. For 1328 of them, there was no information on thrombolytic therapy. Of the remaining 70 705 patients with valid information on thrombolytic therapy, 2535 (3.6%) were treated with thrombolysis. Of patients treated with thrombolysis, 2215 (87.4%) were treated within 3 hours of onset of symptoms (the approved indication during these years), an additional 186 (7.3%) within 4.5 hours, and 44 (1.7%) were treated later. For 90 patients (3.6%), there was no information on the delay between symptom onset and thrombolysis.
Dissemination Across the Country
At the national level, there has been a gradual but slow increase in the use of thrombolysis for acute ischemic stroke from 0.9% in 2003 to 6.6% in 2008 ( Figure 1 ).
Swedish health care is provided by 21 counties. The uptake by the counties has been skewed ( Figure 2 ). During 2003, the year rtPA was approved for stroke by the regulatory authority, 3 counties reached at least 2% treatment among 18-to 80-year-old patients with ischemic stroke. The last county to reach this level did so in 2008. As illustrated in Figure 2 , there are examples of late-adopting counties that exceeded the national average within 2 years after introduction of thrombolysis. In 2008, there remained a belt of lowfrequency counties (Ͻ5%) across mid-Sweden ( Figure 2 ). In general, the gaps between the counties decreased over time, but a more than 7-fold gradient between high-and lowfrequency counties remained in 2008. Table 1 presents the proportions treated with thrombolysis in subgroups of patients. Women, older patients, patients living alone or in institution, being dependent in ADL before the stroke event, having had a previous stroke, a history of diabetes or hypertension, being treated with an antiplatelet agent or being unconscious on admission to the hospital received thrombolysis less frequently. Patients with atrial fibrillation were more likely to receive thrombolysis.
Dissemination Across Patient Groups
Independent predictors of thrombolysis were analyzed by multiple-adjusted logistic regression analyses. As shown in Table 2 , women had a 6% lower chance than men to be treated. Age had an important impact: compared with patients Ͻ60 years of age, the chance of receiving thrombolysis was reduced by 16% for patients aged 60 to 69 years and by 34% for patients aged 70 to 80 years. The year*sex and year*age group interactions did not differ significantly, indicating a similar dissemination rate in men and women of all ages. Patients with stroke who were cohabitant were twice as likely as those living alone to be treated. Nonsmokers had a somewhat higher chance than smokers to receive thrombolysis.
Comorbidity was an important determinant of the likelihood of receiving thrombolysis (Table 2) . A history of previous stroke or of diabetes markedly reduced the chance of being treated, and patients who were dependent in ADL before stroke had a substantially reduced chance of receiving thrombolysis. Ongoing treatment with aspirin, other antiplatelet agents, or antihypertensive therapy at stroke onset had little impact on the chance of receiving thrombolysis. The presence of atrial fibrillation independently increased the likelihood of thrombolysis by 51%.
Stroke severity at stroke onset was a major determinant of thrombolysis. Thus, patients who were drowsy on admission to the hospital were more than twice as likely to be treated as compared with patients who were alert. Unconscious patients had the lowest chance of being treated with thrombolysis.
Dissemination by Stroke Care Setting
Over the years 2003 to 2008, the chance of being treated with thrombolysis was significantly greater in university hospitals than in community hospitals after adjustment for differences in case-mix in the logistic regression model ( Table 2) . As shown in Figure 3A , thrombolysis was adopted 2 to 3 years later in nonuniversity hospitals as compared with university hospitals. In 2003, the chance of receiving thrombolysis at specialized nonuniversity hospitals was at the same level as in community hospitals. However, that chance increased over time and reached a level close to that in the university hospitals by 2008.
Of 18-to 80-year-old patients with acute ischemic stroke reported to Riks-Stroke in 2003 to 2008, 15% were admitted to a neurological department and 70% to a department of internal medicine. Departments of neurology took up thrombolysis earlier than departments of internal medicine ( Figure 3A ). Over the 6-year period, patients admitted to a department of neurology had twice the chance of being treated with thrombolysis than those admitted to a department of internal medicine (Table 1) . Within university hospitals, after adjustments for other characteristics, the OR of receiving thrombolysis in a department of neurology versus internal medicine was 2.5 (95% CI, 2.0 to 3.1). Similarly, patients admitted to a stroke unit were considerably more likely to receive thrombolysis than those admitted to a general ward (Table 2; Figure 3C ).
Safety
As shown in Figure 4 , dissemination of thrombolysis across the country and across different hospital settings was 
Discussion
The present results show that thrombolysis for acute ischemic stroke can be implemented in different hospital settings with preserved safety. However, the data also show that the dissemination has been unequal across Sweden as to geography, patient groups, and healthcare settings.
Limitations and Strengths
To make it possible for all hospitals to take part in the voluntary Riks-Stroke collaboration, the strategy has been to keep data collection simple. The complete coverage of Swedish hospitals admitting patients with acute stroke is a strength of Riks-Stroke. Riks-Stroke is estimated to cover 82% of all patients with acute stroke in Sweden (for more information, see www.riks-stroke.org). A detailed case-bycase validation of Riks-Stroke has indicated that patients who die early after admission to hospitals and who are not treated in a stroke unit are less likely to be recorded. 12 The corollary would be that the frequency of thrombolysis reported here is slightly inflated.
The very large number of patients in Riks-Stroke ensures a high power with precise estimates of differences. With the large numbers, the problem is rather to sort out what differences are meaningful to patients (and the healthcare system) among those that emerge as highly statistically significant. We have, therefore, in our conclusions, placed little emphasis on small differences in point estimates, even if they were statistically significant. 
Dissemination in Different Patient Groups
We observed that younger patients were more likely to be treated than older patients and that men have a better chance to be treated than women. The age effect is in agreement with previous studies, 13 but the sex difference in this study (6%) was smaller than what was observed in a meta-analysis of trials and administrative registers (30%). 14 An important but not surprising observation was that patients who had been living alone had a much lower chance of being treated with thrombolysis independent of other predictors. In patients with acute stroke, 15 married/cohabitant people have been shown to arrive at the hospital earlier than singles. In Riks-Stroke, the proportion of patients Յ80 years of age that arrive at the hospital within 3 hours of onset of symptoms is considerably lower in patients living alone than in cohabitant patients (19% versus 28%; Riks-Stroke, unpublished data). Hyperglycemia or a history of diabetes 10, 16 and previous stroke 10 is associated with a modestly increased risk of severe hemorrhagic complications to thrombolysis, and the drug regulatory agencies in Europe have classified the combination of diabetes and previous stroke as a contraindication to the treatment. Our results indicate that, in routine clinical practice, considerable vigilance is exerted when either condition is present.
Although high blood pressure 10 and ongoing therapy with antiplatelet agents 17 are associated with a moderately elevated risk of intracranial bleeding during thrombolytic treatment, clinical guidelines do not generally advise against the use of thrombolysis in such circumstances. In agreement with this, ongoing treatment with antiplatelet or antihypertensive agents had no impact on the odds for thrombolysis in this study.
Drowsy patients were more likely to be treated with thrombolysis than patients who were alert or unconscious. The group of alert patients includes many patients with mild stroke, in whom possible benefits may be judged not to be great enough to outweigh the risks. Therefore, it is not unexpected that the frequency of thrombolysis was lower in the alert versus the drowsy patients. The low frequency of thrombolysis in patients who were unconscious on admission is in agreement with very severe stroke (and CT signs of emerging parenchymal hypodensity) being a contraindication to the treatment.
A sensitivity analysis, excluding patients with current use of oral anticoagulants, previous stroke combined with known diabetes, and patients who were dependent in ADL before stroke, did not change the interpretation of the multiple regression analysis of thrombolysis treatment (data not shown). Hence, it is unlikely that contraindications to stroke thrombolysis had any major impact on the group comparisons.
Relations to Organization of Stroke Services and Region
The last county to offer thrombolysis to any significant extent (Ն2%) did so 5 years after rtPA was approved by the regulatory authorities for use in patients with stroke. The fact that, in 2008, there was an obvious belt of low-frequency counties across mid-Sweden (Figure 2 ) indicates that regional patterns play an important role in the dissemination.
The strategy to increase the rate of thrombolysis has been different in different countries. Centralization to a few hospitals with stroke care excellence is a viable model for densely populated areas. In Sweden, with vast sparsely populated areas and a highly decentralized healthcare system, the strategy (mostly implicit) has been to implement thrombolysis for ischemic stroke in most of the hospitals admitting patients with acute stroke. Thrombolysis for acute myocardial infarction was introduced in a similar manner. University hospitals have led the implementation of thrombolysis. However, the most rapid increase in treatment frequency since 2003 was seen in specialized nonuniversity hospitals. In community hospitals, thrombolysis took an average 2 to 3 years longer than in the university hospitals. Note that several of the counties with high frequencies of thrombolysis are sparsely populated, for instance, the 2 northernmost counties with a total population of half a million in an area the same size as England and Wales together. Telemedicine has been launched in stroke care to enhance thrombolysis for acute stroke in remote and underserved populations, 18 but it has not played a role in the implementation of thrombolysis in patients with stroke in Sweden.
As a whole, departments of medicine were considerably slower than departments of neurology to implement thrombolytic treatment for acute ischemic stroke. It seems that greater efforts should be made for departments of medicine to adopt thrombolysis because those are the only providers of acute stroke care in many sparsely populated parts of the country.
The likelihood of being treated with thrombolysis was higher if the patient had been admitted to a stroke unit than to a general ward or other type of ward. This is in accordance with the view that evidence-based interventions are more frequently applied in stroke units. It has been shown that certain organizational patterns may promote thrombolysis; these include informal and formal feedback, a learning culture, uncompromising, individual clinical leadership, and explicit goals. 19 It should be noted that in many hospitals, even if a patient is admitted to a stroke unit or a general ward, the actual procedure of administering rtPA and early supervision may have been provided in an intensive care unit.
Safety
Nationwide adoption of thrombolysis, also performed in community hospitals, was achieved with apparent preservation of safety. Over time, there were no major differences in symptomatic intracranial bleeding rates or 90-day case fatality between different types of hospitals or between departments of neurology versus internal medicine. The symptomatic bleeding occurrence in the Riks-Stroke register (6.2% for the entire 2003 to 2008 period) is similar to that reported in Safe Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST; 8.5%) and in pooled analyses of randomized controlled trials (8.6%). 10 However, variations in definitions of symptomatic intracranial or intracerebral hemorrhage make direct comparisons difficult. 
